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Abstract

Objectives The revised European Society of Musculoskeletal Radiology (ESSR) consensus guidelines on soft tissue
tumor imaging represent an update of 2015 after technical advancements, further insights into specific entities, and
revised World Health Organization (2020) and AJCC (2017) classifications. This second of three papers covers
algorithms once histology is confirmed: (1) standardized whole-body staging, (2) special algorithms for non-malignant
entities, and (3) multiplicity, genetic tumor syndromes, and pitfalls.

Materials and methods A validated Delphi method based on peer-reviewed literature was used to derive consensus
among a panel of 46 specialized musculoskeletal radiologists from 12 European countries. Statements that had
undergone interdisciplinary revision were scored online by the level of agreement (0 to 10) during two iterative
rounds, that could result in ‘group consensus’, ‘group agreement’, or ‘lack of agreement’.

Results The three sections contain 24 statements with comments. Group consensus was reached in 95.8% and group
agreement in 4.2%. For whole-body staging, pulmonary MDCT should be performed in all high-grade sarcomas.
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Whole-body MRI is preferred for staging bone metastasis, with ['®*FIFDG-PET/CT as an alternative modality in PET-avid
tumors. Patients with alveolar soft part sarcoma, clear cell sarcoma, and angiosarcoma should be screened for brain
metastases. Special algorithms are recommended for entities such as rhabdomyosarcoma, extraskeletal Ewing
sarcoma, myxoid liposarcoma, and neurofibromatosis type 1 associated malignant peripheral nerve sheath tumors.

Satisfaction of search should be avoided in potential multiplicity.

Conclusion Standardized whole-body staging includes pulmonary MDCT in all high-grade sarcomas; entity-
dependent modifications and specific algorithms are recommended for sarcomas and non-malignant soft tissue

tumors.

Clinical relevance statement These updated ESSR soft tissue tumor imaging guidelines aim to provide support in
decision-making, helping to avoid common pitfalls, by providing general and entity-specific algorithms, techniques,
and reporting recommendations for whole-body staging in sarcoma and non-malignant soft tissue tumors.

Key Points

* An early, accurate, diagnosis is crucial for the prognosis of patients with soft tissue tumors.
* These updated guidelines provide best practice expert consensus for standardized imaging algorithms, techniques, and

reporting.

* Standardization can improve the comparability examinations and provide databases for large data analysis.

Keywords Practice guideline, Consensus, Neoplasms, Connective and soft tissue, Diagnostic imaging

Introduction

Soft tissue tumors comprise a heterogeneous group of enti-
ties [1], which require histology-dependent standardized
imaging algorithms. An early, accurate diagnosis is crucial,
especially for the prognosis of these patients. At the same
time, clinical infrastructure differs considerably throughout
Europe. The same is true for the attitudes toward the use of
advanced imaging techniques. This results in notable varia-
bility of soft tissue tumor imaging in clinical practice. Since
the first consensus on soft tissue tumor imaging in adults of
the European Society of Musculoskeletal Radiology (ESSR) in
2015 [2], technical advancements, further insights into spe-
cific entities, the revised World Health Organization classi-
fication (2020) [1], and a new version of the American Joint
Committee on Cancer (AJCC) staging system (2017) [3]
necessitated an update of the ESSR consensus guidelines [4].
The updated ESSR agreement for imaging of soft tissue
tumors aims to provide best practice expert consensus
guidelines for standardized imaging algorithms, techniques,
and reporting in soft tissue tumors of adults. A Delphi pro-
cess [5], evidence-based on current literature where possible,
facilitates consensus on complex problems among a panel of
experts [6] and has been used by several ESSR guidelines
recently [7], including primary local imaging of soft tissue
tumors [8].

This part of the recommendations is intended to sup-
port radiologists once the local staging has been com-
pleted and the histology has been confirmed. In patients
with sarcoma, radiologists should be aware of current
recommendation standards for whole-body staging in
general, should know the entities in which a different
approach has proved superior so far, and when additional

imaging is necessary due to a different metastasis beha-
vior. These consensus statements also provide guidance in
some non-malignant entities. Other sections of this paper
are dedicated to radiologic pitfalls that we have observed
and how to avoid them. These include imaging of retro-
peritoneal liposarcomas and tumor-simulating masses. To
prevent satisfaction of search (SOS), a list of syndromes
that are associated with soft tissue tumors is also pro-
vided. We consider standardization once histology has
been confirmed to be relevant both for better compar-
ability of serial examinations in the individual patient, as
well as for future large dataset evaluations in search of
optimization of individualized patient care.

Materials and methods

A validated Delphi method based on peer-reviewed lit-
erature, as has been described in detail in the first part of
the ESSR consensus update on soft tissue tumor imaging
[8], was used to derive consensus among a panel of
46 specialized musculoskeletal radiologists from 12 Eur-
opean countries, all being members of the tumor sub-
committee of the ESSR. Institutional review board
approval was not required for this consensus as patients
were not involved. Statements were developed with
comments, based on the current literature, by searching
PubMed and the Cochrane Library. The statements were
validated by two orthopedic tumor surgeons, a pathologist
specializing in sarcoma, and a nuclear medicine expert.
The panel members scored their level of agreement with
each statement online by using an online questionnaire
(Google Forms®) [9]. Suggestions for adjustments could
be added and incorporated for the consecutive
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questionnaire round either as an alternative or an opti-
mization of the statement. In three personal meetings,
open questions and comments were discussed. The scores
ranged from O to 10, with 10 being the highest grade of
agreement. Minimum statement scoring required a
median of at least eight and an interquartile range of less
than four. For the statements which fulfilled these criteria,
the level of agreement was calculated. “Group consensus”
was defined as at least 80% of voters scoring at least eight
and “Group agreement” was defined as 67-79% of voters
scoring at least eight. “Lack of agreement” was assigned if
the previous conditions were not met. After round 2 the
rating was terminated for each statement.

Results

This article contains three sections, with 24 statements
overall. After round 2, group consensus was reached in
23/24 statements (95.8%), and group agreement was
achieved in 1/24 statements (4.2%). None of the state-
ments resulted in a lack of agreement.

The sections included (1) Whole-body staging in con-
firmed sarcoma, covering imaging algorithms and tech-
nical requirements (12 statements, all of them with group
consensus, none with group agreement or with lack of
agreement), (2) special algorithms for non-malignant
entities (five statements, 5/0/0, respectively), (3) multi-
plicity, genetic tumor syndromes of soft tissue and pitfalls
in soft tissue tumor imaging (seven statements, 6/1/0,
respectively). Statements and their level of agreement are
provided in Tables 1-3.

Discussion
The updated ESSR consensus guidelines for soft tissue tumor
imaging aim to provide feasible best practice expert state-of-
the-art guidance. They are adjusted to the current literature,
provide minimal requirements and an optimized strategy in
a systematic approach, and contain relevant details. The
Delphi process [10] was chosen as it allowed anonymous
scoring [10]; a few additional face-to-face meetings proved
useful for discussion of open questions regarding the pro-
cedure and of statements that had not reached consensus.
The expert panel was recruited from the dedicated
musculoskeletal tumor subcommittee of the ESSR and
included active representatives and soft tissue tumor
imaging specialists from twelve European countries [11].
As group consensus was achieved in most statements, and
group agreement in the remaining ones, this paper may
help to provide feasible imaging algorithms taking into
account different national infrastructures and approaches.
In the following paragraphs, we present a selection of
the most clinically relevant statements with a short dis-
cussion (Table 1-3; additional comments are provided
online as Supplementary Material).
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Whole-body staging in sarcoma
Section 1: (Table 1; for further comments please also see
additional electronic material):

General recommendations for whole-body staging in
sarcoma

Metastatic spread of soft tissue sarcomas is mainly
hematogenous, with a reported incidence of 11.9% in a
surveillance, epidemiology, and end results (SEER) data-
base based on data from 2000 to 2018 [12]. Overall, dis-
tant metastases are most common in the lungs, followed
by bone, lymph nodes, liver, brain, and subcutaneous
tissue [13]. With a 5-12-fold incidence, bone and lung
metastases are more likely in sarcomas that are located
underneath the deep fascia and in moderate or high-grade
sarcomas [14]. The incidence of metastases is highly
dependent on the histological tumor type [12, 13].
Metastases worsen the prognosis and result in upstaging
in soft tissue sarcoma patients [15], while improved out-
comes have been reported after metastasectomy [16].
Where appropriate, combinations of surgery, radio-
therapy, and systemic treatment can significantly improve
the prognosis of sarcoma [17]. Thus, diagnosis of metas-
tases is important.

Pulmonary metastases

Pulmonary metastatic disease at the time of diagnosis has
been reported in 22% of patients with large (> 5 cm) high-
grade soft tissue sarcomas of the extremities [18], and
approximately 23% of patients with soft tissue sarcoma
develop pulmonary metastases at some point of the disease
course [19]. Computed tomography (CT) enables the
detection of small pulmonary nodules [20], but is limited in
its ability to differentiate between benign and malignant
nodules [21]. In a retrospective study of high-grade sar-
coma patients, CT revealed pulmonary nodules in 39.5%
[21]. A total of 92% of the nodules > 5 mm were malignant,
whereas 33% of nodules <5 mm and 20% <3 mm proved
to be malignant [21]. In another study, the optimal
threshold for a nodule at risk was 4.7 mm [22]. In this study
utilizing FDG-PET/CT, the maximal standardized uptake
value (SUV,.) was significantly correlated with malig-
nancy, with a specificity of 97.2%, but with a sensitivity of
only 59.7%, FDG-PET/CT was considered unsatisfactory to
differentiate metastatic from benign pulmonary nodules
[22]. This was especially true for nodules <5 mm, which
were PET-positive in only 13.2% [22].

Osseous metastases

The skeleton is the third most frequent site for metastases
in soft tissue sarcomas, with reported rates of up to 10%
[23]. In a SEER-based study on soft tissue sarcomas of the
extremities, osseous metastases were found in 2.2% of
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Table 1

Section 1. Whole-body staging in sarcoma. Statements
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1.1 Imaging methods for whole-body staging in sarcoma:

Median, IQR (difference (interval),
Level of agreement

1.1.1 Generally appropriate imaging methods for whole-body staging in sarcoma:

- The most important radiological investigation for metastasis of soft-tissue sarcomas is

10; 0 (10-10); 100%

unenhanced pulmonary MDCT. Pulmonary MDCT should be performed in all cases of high-

grade sarcoma. Isotropic imaging with iterative reconstruction is favorable.

- MR imaging is the best method to depict skeletal metastases. Depending on the experience of
the center, PET/CT can serve as an alternative in PET-avid tumors.
- Tumors likely to have lymphatic spread should be considered to be examined with contrast-

10; 2 (8-10); 91%

10; 2 (8-10); 84%

enhanced MDCT of the abdomen and chest for lower extremity, and of the neck and chest for

upper extremity sarcomas.

- FDG-PET/CT is helpful in individual sarcoma cases with lymph nodes in PET-avid tumors.

10; 1 (8-10); 93%

1.1.2 Soft tissue sarcoma entities that require special imaging considerations for whole-body staging:

- Brain imaging should be performed using MRI in alveolar soft part sarcoma, clear cell sarcoma,

10; 1 (9-10); 96%

and angiosarcoma. It may also be indicated in leiomyosarcoma, rhabdomyosarcoma, and

spindle cell sarcoma.

- For the initial staging of younger rhabdomyosarcoma patients, whole-body FDG-PET/CT, or

10; 1 (9-10); 96%

whole-body FDG-PET/MR imaging along with diagnostic chest CT are recommended.

- For the initial staging of patients with extraskeletal Ewing sarcoma, whole-body MRI along with

diagnostic chest CT is recommended.

- Myxoid liposarcoma (MLS) has a propensity for extrapulmonary metastases. They are best staged

10; 2 (8-10); 97%

10; 1 (9-10); 96%

by means of whole-body MR imaging (WB-MRI), which is therefore recommended.

- Whole-body MR imaging and whole-body FDG-PET/CT are useful in neurofibromatosis type 1

10; 1 (9-10); 97%

associated malignant peripheral nerve sheath tumors. Whole-body MR imaging is favored since

the patients are not exposed to ionizing radiation.
1.2 Imaging parameters for whole-body staging in sarcoma:
1.2.1. PET/CT:

- FDG-PET-CT should be performed according to the latest version of the EANM protocol.

1.2.2. Whole-body MRI:

- Whole-body MRI for soft tissue sarcomas should comprise a T1-weighted sequence and a fluid-

10; 1 (9-10); 91%

10; 1 (9-10); 87%

sensitive T2-weighted fat-suppressed sequence as well as a diffusion-weighted sequence with

the calculation of apparent diffusion coefficients.

- The diffusion-weighted sequence of the protocol should have at least two but optimally three b-

values ranging from 50 to 900 s/mm?

10; 2 (8-10); 87%

patients at initial presentation [14]. Sarcoma grade
[16, 23], location in the limb [23], especially the proximal
limb [16], size >5cm [16], and regional lymph node
involvement [14] were identified as risk factors for bone
metastases. The spine is most affected [23]. The highest
incidences have been described for alveolar soft part
sarcomas [24, 25], angiosarcomas [23, 24], leiomyosarco-
mas [23, 26] (especially with combined osseous and lung
metastases) [14], undifferentiated pleomorphic sarcomas
[14, 23], myxoid liposarcoma [14, 27] and dedifferentiated
liposarcomas [24]. Other entities which present with bone
metastases were PNET (Ewing sarcoma), and synovial
sarcoma [14]. Eighty percent of the osseous metastases are
lytic [23, 28].

MR imaging showed higher sensitivity to detect bone
metastases, compared to positron emission tomography
(PET/CT) in a recent study on Ewing sarcoma patients,
especially in widespread active hematopoietic bone mar-
row [29]. Due to the high soft tissue contrast of Magnetic
resonance imaging (MRI), the use of contrast agents can
often be avoided; MRI has proved especially useful for
early detection of bone marrow involvement [30].
Another advantage of whole-body MRI is the lack of
radiation exposure.

In a meta-analysis on bone metastases in different
tumors, FDG-PET-CT had a sensitivity and specificity
that was comparable to that of MRI, however superior to
CT alone [31].
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Table 2 Section 2. Non-malignant entities that require special algorithms. Statements
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2.1. Nerve sheath tumors:

- A watchful waiting approach for asymptomatic patients is recommended for neurofibromatosis (NF).

- Benign lesions that can often be diagnosed on US include peripheral nerve sheath tumors in
case of proven neurofibromatosis for the detection and monitoring of typical neurofibromas. If
painful, additional investigations should be conducted.

2.2. Atypical lipomatous tumor (ALT) and well-differentiated liposarcoma (WDLS):

- Adipocytic tumors with the following features on MR (or CT) are suspicious for ALT/WDLS: Size
> 11cm, deep location, septa > 2 mm, septal enhancement, nodular areas. Location in the
lower extremity also increases the likelihood for ALT/WDLS.

- For adipocytic superficial and extremity ALT, if not primarily resected, ultrasound follow-up is
recommended.

- Adipocytic tumors that are located in the retroperitoneum or regions in which the tumor cannot
be resected with a sufficient margin are termed WDLS. In case they are not resected, unenhanced
MRI, or CT is preferred at yearly intervals or at the time when there are defined patient-reported

Median, IQR (difference (interval),
Level of agreement

10; 1 (9-10); 93%
9; 2 (8-10); 81%

10; 1 (9-10); 91%
10; 1 (9-10); 91%
10; 1 (9-10); 91%

outcome measures (PROM) such as the presence of increased pain, size, or tethering.

Lymph node metastases

With about 4%, lymph node metastases are relatively
uncommon in soft tissue sarcomas [32], except for a few
subtypes. High prevalences have been observed in rhab-
domyosarcoma (25.3-32.1%, even 54.8% in the alveolar
type), clear cell sarcoma (15.9-27.7%), angiosarcoma
(11.7-24.1%), and epithelioid sarcoma (12.4-31.8%)
[12, 33-35]. In leiomyosarcoma (1.3—3.8%) and synovial
sarcoma the prevalences are debated [12, 33, 34]. The
presence of metastases to regional lymph nodes (N1) has
also been associated with large and high-grade sarcomas
and those located underneath the deep fascia [36], and
nomograms have been developed to predict the likelihood
of lymph node metastases [32].

Metastatic regional lymph nodes represent a strong
prognostic factor [33]. In a study assessing extremity soft
tissue sarcoma patients with isolated lymph node metas-
tases, the prognosis for N1IMO was better than NOM1 [36],
while it was similar in another study on soft tissue sar-
comas [37]. The presence of lymph node metastases in the
absence of M1 disease (N1MO0), however, was associated
with worse overall survival compared to NOMO [35].

In the current 8th edition of the AJCC classification
from 2017, in retroperitoneal sarcomas, N1MO represents
Grade IIIB, while in trunk and extremity soft tissue sar-
coma N1 corresponds to Stage IV even in the absence of
distant metastases [15].

The impact of PET/CT compared to conventional CT
has not been finally clarified. In a multicentre study on
pediatric sarcoma patients, FDG-PET revealed metastatic
lymph nodes of rhabdomyosarcoma with a sensitivity of
93%, compared to 36% by conventional imaging mod-
alities [38]. In the current National Comprehensive

Cancer Network (NCCN) guidelines from 2023, CT or
PET/CT is recommended for the assessment of regional
lymph node basin in histologic tumor phenotypes at risk
for lymph node metastases [15].

In general, PET/CT can serve as an alternative in PET-
avid tumors treated with neoadjuvant therapy [15]. Of
note, myxoid liposarcoma and synovial sarcoma metas-
tases may have low FDG avidity which results in more
false negative examinations compared to MR imaging
[18].

Soft tissue sarcoma entities that require special imaging
considerations for whole-body staging

Brain imaging

Brain metastases in soft tissue sarcomas are rare at the
time of diagnosis [39]. Their presence, however, worsens
the prognosis considerably. Brain metastases occur more
frequently in histologic soft tissue sarcoma subtypes such
as alveolar soft part sarcoma (ASPS) [39-41], clear cell
sarcoma, and angiosarcoma [42]. In those entities, brain
imaging (MRI preferred over CT) should be performed
[43]. Other subtypes with increased incidence include
leiomyosarcoma and spindle cell sarcoma; occurrence in
entities such as alveolar rhabdomyosarcoma and MPNST
has been described [39]. Patients with high-grade or large
tumors [44], and those with synchronous metastases,
especially in the lung, bone, and lymph nodes are more
likely to develop brain metastases [39, 45].

Myxoid liposarcoma (MLS)

Because of the unconventional metastatic behavior of
Myxoid liposarcoma (MLS), with a high proportion of
extrapulmonary metastases and low incidence of
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Table 3 Section 3. Pitfalls. Statements

Page 6 of 9

3.1. Soft tissue masses simulating tumors:

- Soft tissue masses simulating tumors are common and should be kept in mind when evaluating

US and MRI.

- Examples of such masses are anatomical variants, inflammatory, infectious, traumatic (nerve,
muscle, reactive) skin lesions, metabolic lesions, and vascular lesions.

- CT scan can be a problem-solving modality in benign entities and tumor mimickers.

- Pitfalls include myositis ossificans or osseous entities that cause substantial soft tissue reactions,

such as osteoid osteoma.
3.2. Retroperitoneal liposarcoma:

- Pitfalls in local soft tissue tumor staging include the assessment of the extension of well-

Median, IQR (difference (interval),
Level of agreement

10; 1 (9-10); 95%

10; 1 (9-10); 95%

10; 0 (10-10); 100%

10; 0 (10-10); 100%

10; 1 (9-10); 90%

differentiated/dedifferentiated retroperitoneal liposarcoma: The well-differentiated part of the

tumor appears equivalent or similar compared to normal fatty tissue of the retroperitoneum

both in CT and MRI. Comparison with the contralateral side can be helpful.

3.3. Consider potential multiplicity and syndromes:

- Beware of satisfaction of search (SOS): Vascular anomalies, lipoma, lipoma of tendon sheath,

9; 2 (8-10); 76%

desmoid, neurofibroma, myxoma, and inclusion body fibromatosis may be multiple.

- Mafucci's disease (hemangioma), Mazabraud (myxoma), Neurofibromatosis (schwannoma,

10; 2 (8-10); 87%

neurofibroma), Gardner's syndrome (fibromatosis), Turner's syndrome (lymphangioma),

Adenomatous polyposis (desmoid), Carney complex (myxoma) are syndromic associations with

characteristic soft tissue lesions.

pulmonary metastases, and because of its low PET-avidity,
whole-body MRI [46] is strongly recommended
[27, 47, 48], both for early detection of bone and extra-
skeletal metastases [49] and for staging [50]. Comments to
“Imaging parameters for whole-body staging in sarcoma”
are provided online).

Non-malignant entities that require special algorithms
Section 2: (Table 2; further comments are provided
online):

Nerve sheath tumors

NF1 patients have approximately a 10% lifetime risk of
acquiring this malignancy [51-53]. Peripheral nerve
sheath tumors can be confirmed on Ultrasound (US)
when the lesion is arising from a nerve, but clinical
assessment is also vital: additional investigations should
be conducted if the lesion is painful, growing rapidly, or in
case of distal neurological dysfunction. Further imaging is
usually also required in patients with NF1 [54]. In NF1,
NF2, and schwannomatosis (SWN), emerging technical
advances, particularly WB-MRI as well as DWI/ADC
mapping, in conjunction with clinical and genetic data,
can potentially provide insight into both disease severity
as well as tumor behavior [55-57]. Similar accuracy in
diagnosing malignant PNST has been reported for whole-
body FDG-PET/CT and whole-body MR imaging [58].
PET/CT and MRI have complementary roles in MPNST

evaluation: In several studies, PET was more sensitive
while MRI offered higher specificity [59, 60]. WB PET/
MR compared to PET/CT allowed the detection of PET-
avid lesions with high accuracy, resulting in a reduction of
radiation exposure of almost 50% [61], and therefore was
considered a feasible alternative [61, 62].

Pitfalls
Section 3: comments on the statements (listed in Table 3)
are provided online.

Limitations

As has been described earlier [8], this consensus has
several limitations. The panelists came from European
countries only. However, while access to modalities such
as MRI and PET/CT is limited in many other parts of the
world, this has to be taken into account only to a certain
extent. In even less privileged countries, only some parts
of this consensus will be currently applicable. Limitations
of the Delphi method have been described earlier [8],
including limited possibility for open discussion. On the
other hand, all critical remarks could be considered
anonymously without bias by dominant participants. The
process was also time-consuming, which is a major dis-
advantage that has been described for guidelines that
contain multiple statements, such as ours [10]. As high
commitment was required for several questionnaire
rounds, we aimed to provide sufficient time for the
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experts to answer. Finally, it should be emphasized that
these guidelines reflect the current knowledge and will
require further updates in the future. In particular, the
field of radiomics and artificial intelligence is developing
very rapidly.

Conclusion

The updated ESSR guidelines for soft tissue tumor ima-
ging regarding whole-body imaging in sarcoma, entity-
dependent special algorithms for sarcomas and non-
malignant soft tissue tumors in adults, and pitfalls provide
best practice expert consensus for imaging and will sup-
port radiologists in their decision-making. Standardiza-
tion may improve the comparability of serial examinations
in the individual patient and may also provide databases
for large data analysis aimed at developing individualized
strategies.
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Methodology

« Expert consensus is performed by a Delphi process
« Perspective: not applicable

« Study design: not applicable
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Author details

'Department of Biomedical Imaging and Image Guided Therapy, Division of
Neuroradiology and Musculoskeletal Radiology, Medical University of Vienna,
Vienna, Austria. “Department of Radiology, AZ Sint Maarten Mechelen
University (Hospital) Antwerp, Antwerp, Belgium. *Faculty of Medicine and
Health Sciences, University of Ghent, Ghent, Belgium. “Department of
Radiology, Clinica Girona, Institute of Diagnostic Imaging (IDI) Girona,
University of Girona, Girona, Spain. 5Department of Health Sciences (DISSAL),
University of Genoa, Genoa, Italy. ®Department of Radiology, IRCCS Ospedale
Policlinico San Martino, Genoa, Italy. /Institute of Diagnostic and Interventional
Radiology, Pediatric Radiology and Neuroradiology, University Medical Center
Rostock, Rostock, Germany. ®Department of Radiology, Robert Jones and
Agnes Hunt Orthopaedic Hospital, Oswestry, UK. “Department for Diagnostic
and Interventional Radiology, University Hospital Augsburg, Augsburg,
Germany. '®Medical Faculty, Ss. Cyril and Methodius University, Skopje,
Macedonia. ''Department of Radiology, University Surgical Clinic “St. Naum
Ohridski”, Skopje, Macedonia. '“Department of Imaging, Radiology, Radboud
University Medical Center, Nijmegen, The Netherlands. *2nd Department of
Radiology, Attikon Hospital, National and Kapodistrian University of Athens,
Athens, Greece. *Oxford Musculoskeletal Radiology and Oxford University
Hospitals, Oxford, UK. ""IRCCS Istituto Ortopedico Galeazzi, Milan, Italy.
16Dipartimento Di Scienze Biomediche Per La Salute, Universita Degli Studi Di
Milano, Milan, Italy. '"Department of Radiology, Ghent University Hospital,
Ghent, Belgium. '®Radiology Department, Hospital Universitario Fundacién
Alcorcon, Madrid, Spain. '°High Field MR Center, Department of Biomedical
Imaging and Image-Guided Therapy, Medical University Vienna, Vienna,
Austria. 2ODepar’[ment of Imaging Methods, Institute of Measurement Science,
Slovak Academy of Sciences, Bratislava, Slovakia. 2'Department of Radiology
and Medical Imaging, Cliniques Universitaires Saint Luc, Institut de Recherche
Expérimentale et Clinique (IREC), Institut du Cancer Roi Albert Il (IRA2),
Université Catholique de Louvain (UCLouvain), Brussels, Belgium. “’Hospital
Particular da Madeira and Hospital da Luz Lisboa, Lisbon, Portugal.
ZDepartment of Radiology, University of Jordan, Ammam, Jordan. **Academic
Radiology, Department of Translational Research and New Technologies in
Medicine and Surgery, University of Pisa, Pisa, Italy. *’Ege University Medical
School (Emeritus), lzmir, Turkiye. 2Star Imaging Center, Izmir, Turkiye.
#’Department of Immunology, Genetics and Pathology (Oncology) and
Department of Surgical Sciences (Radiology), Uppsala University, Uppsala,
Sweden. **Diagnostic and Interventional Radiology, IRCCS Istituto Ortopedico
Rizzoli, Bologna, Italy. “’Department of Musculoskeletal Radiology, Royal
Orthopedic Hospital, Birmingham, UK. 30Sigmund Freud Privatuniversitdt,
Vienna, Austria. 2'Oxford University Hospitals NHS Foundation Trust, Oxford,
UK. *?Academic Surgical Unit, South West London Elective Orthopaedic Centre
(SWLEQC), London, UK. **Department of Radiology, St. Antonius Hospital,
Utrecht, The Netherlands. **Department of Radiology School of Medicine, Izmir
Demokrasi University, lzmir, Tiirkiye. **Department of Radiology, NYU
Grossman School of Medicine, New York, NY, USA. **Diagnostic and
Interventional Radiology, Eberhard Karls University Tuebingen, University
Hospital Tuebingen, Tiibingen, Germany. *’Department of Radiology, Jessa
Ziekenhuis, Campus Virga Jesse, Hasselt, Belgium. **Department of Radiology,
Freeman Hospital, Newcastle Upon Tyne, UK. **School of Biomedical
Engineering and Imaging Sciences, King's College London, London, UK. “%St.
Erasmo Hospital for Orthopaedic Surgery and Traumatology Ohrid, Ohrid,
Macedonia. #'Oxford University Hospitals, Oxford, UK. *’Hospital Univeritario
Son Espases Balearic Islands University, Palma, Spain. “*Department of
Radiology, Leiden University Medical Center, Leiden, The Netherlands. “*Royal
National Orthopaedic Hospital, Stanmore, UK. “Manisa Celal Bayar University,
Manisa, Tarkiye. “°Clinical MSK Radiology, Loughborough University, Leicester
Royal Infirmary, Leicester, UK. *’Hospital Universitario Ramén y Cajal, Madrid,
Spain. **Musculoskeletal Radiology Department Chapel Allerton Hospital,
Leeds Teaching Hospitals NHS Trust, Leeds, UK. “NIHR Leeds Biomedical
Research Centre, Leeds, UK. *°Radiology Department, University of Health
Sciences, Gilhane Training and Research Hospital, Ankara, Turkiye. >TPrincess


https://doi.org/10.1007/s00330-024-10897-z
https://doi.org/10.1007/s00330-024-10897-z

Noebauer-Huhmann et al. European Radiology

Maxima Center for Pediatric Oncology, Utrecht, The Netherlands.
*’Department of Radiology and Nuclear Medicine, University Medical Centre
Utrecht, Utrecht, The Netherlands. **Musculoskeletal Radiology Section,
Klinikum Rechts der Isar, Technical University of Munich - TUM School of
Medicine, Munich, Germany. >4Clinical Institute of Pathology, Medical
University of Vienna, Vienna, Austria. >’Departement of Orthopaedics and
Traumatology, Division of Orthopaedics, Medical University of Vienna, Vienna,
Austria. *°Departement of Orthopaedics and Traumatology, Medical University
of Vienna, Vienna, Austria.

Received: 9 February 2024 Revised: 30 March 2024 Accepted: 30 April 2024
Published online: 20 July 2024

References

1.

WHO classification of tumours of soft tissue and bone, 5th ed. 2020 [cited
2023 14JUN]. Available from: https://publications.iarc.fr/Book-And-Report-
Series/Who-Classification-Of-Tumours/Soft-Tissue-And-Bone-Tumours-
2020

Noebauer-Huhmann IM, Weber MA, Lalam RK et al (2015) Soft tissue
tumors in adults: ESSR-approved guidelines for diagnostic imaging.
Semin Musculoskelet Radiol 19:475-482

Amin MB, Greene FL, Edge SB et al (2017) The eighth edition AJCC cancer
staging manual: continuing to build a bridge from a population-based to
a more “personalized” approach to cancer staging. CA Cancer J Clin
67:93-99

Euro health observatory (2023) [cited 2023 14JUN]. Available from:
https://eurohealthobservatory.who.int

Delphi method. [cited 2023 14JUN]. Available from: https.//www.rand.
org/topics/delphi-method.html

Taylor E (2020) We agree, don't we? The Delphi method for health
environments research. HERD 13:11-23

Mascarenhas VWV, Castro MO, Rego PA et al (2020) The Lisbon agreement
on femoroacetabular impingement imaging-part 1: an overview. Eur
Radiol 30:5281-5297

Noebauer-Huhmann IM, Vanhoenacker FM, Vilanova JC et al (2024) Soft
tissue tumor imaging in adults: European Society of Musculoskeletal
Radiology-Guidelines 2023-overview, and primary local imaging: how
and where? Eur Radiol 34:4427-4437

Google forms. [cited 2023 14JUN]. Available from: https.//www.google.
com/forms

WHO handbook for guideline development—2nd ed. 2014. Available
from: https://www.who.int/publications/i/item/9789241548960

European forum for education and research of musculoskeletal radiology.
[cited 2023 14JUN]. Available from: https://www.essr.org/subcommittees/
tumours/

Liu H, Zhang H, Zhang C et al (2022) Pan-soft tissue sarcoma analysis of
the incidence, survival, and metastasis: a population-based study focusing
on distant metastasis and lymph node metastasis. Front Oncol 12:890040
Trovik C, Bauer HCF, Styring E et al (2017) The scandinavian sarcoma
group central register: 6000 patients after 25 years of monitoring of
referral and treatment of extremity and trunk wall soft-tissue sarcoma.
Acta Orthop 88:341-347

Younis MH, Summers S, Pretell-Mazzini J (2022) Bone metastasis in
extremity soft tissue sarcomas: risk factors and survival analysis using the
SEER registry. Musculoskelet Surg 106:59-68

Sarcoma NCPGIOST (2023) Network version 2.2023. J Natl Compr Canc
Netw

Krishnan CK, Kim HS, Park JW, Han | (2018) Outcome after surgery for
extremity soft tissue sarcoma in patients presenting with metastasis at
diagnosis. Am J Clin Oncol 41:681-686

Gonzalez MR, Inchaustegui ML, Ruiz-Arellanos K, de Souza FF, Subhawong
TK, Pretell-Mazzini J (2023) Management of oligometastatic disease in soft
tissue sarcomas. J Cancer Metastasis Treatment 9:12

Sambri A, Bianchi G, Longhi A et al (2019) The role of 18F-FDG PET/CT in
soft tissue sarcoma. Nucl Med Commun 40:626-631

Billingsley KG, Burt ME, Jara E et al (1999) Pulmonary metastases from soft
tissue sarcoma: analysis of patterns of diseases and postmetastasis sur-
vival. Ann Surg 229:602-610.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 8 of 9

Hanamiya M, Aoki T, Yamashita Y, Kawanami S, Korogi Y (2012) Frequency
and significance of pulmonary nodules on thin-section CT in patients
with extrapulmonary malignant neoplasms. Eur J Radiol 81:152-157
Nakamura T, Matsumine A, Matsusaka M et al (2017) Analysis of pul-
monary nodules in patients with high-grade soft tissue sarcomas. PLoS
One 12:20172148

Hagi T, Nakamura T, Sugino Y, Matsubara T, Asanuma K, Sudo A (2018) Is
FDG-PET/CT useful for diagnosing pulmonary metastasis in patients with
soft tissue sarcoma? Anticancer Res 38:3635-3639

Vincenzi B, Frezza AM, Schiavon G et al (2013) Bone metastases in soft
tissue sarcoma: a survey of natural history, prognostic value and treat-
ment options. Clin Sarcoma Res 3:6

Yoshikawa H, Myoui A, Ochi T et al (1999) Bone metastases from soft
tissue sarcomas. Semin Musculoskelet Radiol 3:183-190

Sood S, Baheti AD, Shinagare AB et al (2014) Imaging features of primary
and metastatic alveolar soft part sarcoma: single institute experience in
25 patients. Br J Radiol 87:20130719

Gordon RW, Tirumani SH, Kurra V et al (2014) MRI, MDCT features, and
clinical outcome of extremity leiomyosarcomas: experience in 47
patients. Skeletal Radiol 43:615-622

Schwab JH, Boland PJ, Antonescu C, Bilsky MH, Healey JH (2007) Spinal
metastases from myxoid liposarcoma warrant screening with magnetic
resonance imaging. Cancer 110:1815-1822

Wong WS, Kaiser LR, Gold RH, Fon GT (1982) Radiographic features of
0sseous metastases of soft-tissue sarcomas. Radiology 143:71-74

Bosma SE, Vriens D, Gelderblom H, van de Sande MAJ, Dijkstra PDS,
Bloem JL (2019) (18)F-FDG PET-CT versus MRI for detection of skeletal
metastasis in Ewing sarcoma. Skeletal Radiol 48:1735-1746

O'Sullivan GJ, Carty FL, Cronin CG (2015) Imaging of bone metastasis: an
update. World J Radiol 7:202-211

Yang HL, Liu T, Wang XM, Xu Y, Deng SM (2011) Diagnosis of bone
metastases: a meta-analysis comparing (1)(8)FDG PET, CT, MRl and bone
scintigraphy. Eur Radiol 21:2604-2617

Tong Y, Pi'Y, Cui Y, Jiang L, Gong Y, Zhao D (2022) Early distinction of
lymph node metastasis in patients with soft tissue sarcoma and indivi-
dualized survival prediction using the online available nomograms: a
population-based analysis. Front Oncol 12:959804

Jacobs AJ, Morris CD, Levin AS (2018) Synovial sarcoma is not associated
with a higher risk of lymph node metastasis compared with other soft
tissue sarcomas. Clin Orthop Relat Res 476:589-598

Sherman KL, Kinnier CV, Farina DA et al (2014) Examination of national
lymph node evaluation practices for adult extremity soft tissue sarcoma. J
Surg Oncol 110:682-688

Keung EZ, Chiang YJ, Voss RK et al (2018) Defining the incidence and
clinical significance of lymph node metastasis in soft tissue sarcoma. Eur J
Surg Oncol 44:170-177

Basile G, Mattei JC, Alshaygy | et al (2020) Curability of patients with
lymph node metastases from extremity soft-tissue sarcoma. Cancer
126:5098-5108

Garcia-Ortega DY, Alvarez-Cano A, Clara-Altamirano MA et al (2021) Should
metastatic lymph nodes be considered at the same clinical stage as distant
metastasis in soft tissue sarcomas? Cancer Treat Res Commun 26:100268
Volker T, Denecke T, Steffen | et al (2007) Positron emission tomography
for staging of pediatric sarcoma patients: results of a prospective multi-
center trial. J Clin Oncol 25:5435-5441

Gonzalez MR, Bryce-Alberti M, Leon-Abarca JA, Pretell-Mazzini J (2021)
Brain metastases in patients with soft-tissue sarcomas: management and
survival—a SEER population-based cohort study. J Am Acad Orthop Surg
Glob Res Rev 5

Lieberman PH, Brennan MF, Kimmel M, Erlandson RA, Garin-Chesa P,
Flehinger BY (1989) Alveolar soft-part sarcoma. A clinico-pathologic study
of half a century. Cancer 63:1-13

Portera Jr CA, Ho V, Patel SR et al (2001) Alveolar soft part sarcoma: clinical
course and patterns of metastasis in 70 patients treated at a single
institution. Cancer 91:585-591

Meis-Kindblom JM, Kindblom LG (1998) Angiosarcoma of soft tissue: a
study of 80 cases. Am J Surg Pathol 22:683-697

Espat NJ, Bilsky M, Lewis JJ, Leung D, Brennan MF (2002) Soft tissue
sarcoma brain metastases. Prevalence in a cohort of 3829 patients. Cancer
94:2706-2711


https://publications.iarc.�fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Soft-Tissue-And-Bone-Tumours-2020
https://publications.iarc.�fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Soft-Tissue-And-Bone-Tumours-2020
https://publications.iarc.�fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Soft-Tissue-And-Bone-Tumours-2020
https://eurohealthobservatory.who.int
https://www.rand.org/topics/delphi-method.html
https://www.rand.org/topics/delphi-method.html
https://www.google.com/forms
https://www.google.com/forms
https://www.who.int/publications/i/item/9789241548960
https://www.essr.org/subcommittees/tumours/
https://www.essr.org/subcommittees/tumours/

Noebauer-Huhmann et al. European Radiology

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54,

Chaigneau L, Patrikidou A, Ray-Coquard | et al (2018) Brain metastases
from adult sarcoma: prognostic factors and impact of treatment. A ret-
rospective analysis from the French Sarcoma Group (GSF/GETO). Oncol-
ogist 23:948-955

Chan CM, Lindsay AD, Spiguel AR, Scarborough MT, Gibbs CP (2020) Brain
metastases from Truncal and extremity bone and soft tissue sarcoma:
Single institution study of oncologic outcomes. Rare Tumors
12:2036361320960060

Seo SW, Kwon JW, Jang SW, Jang SP, Park YS (2011) Feasibility of whole-
body MRI for detecting metastatic myxoid liposarcoma: a case series.
Orthopedics 34:e748-e754

Lin S, Gan Z, Han K, Yao Y, Min D (2015) Metastasis of myxoid liposarcoma
to fat-bearing areas: a case report of unusual metastatic sites and a
hypothesis. Oncol Lett 10:2543-2546

Durr HR, Rauh J, Baur-Melnyk A et al (2018) Myxoid liposarcoma: local
relapse and metastatic pattern in 43 patients. BMC Cancer 18:304
Gouin F, Renault A, Bertrand-Vasseur A et al (2019) Early detection of
multiple bone and extra-skeletal metastases by body magnetic reso-
nance imaging (BMRI) after treatment of Myxoid/Round-Cell Liposarcoma
(MRCLS). Eur J Surg Oncol 45:2431-2436

Stevenson JD, Watson JJ, Cool P et al (2016) Whole-body magnetic
resonance imaging in myxoid liposarcoma: a useful adjunct for the
detection of extra-pulmonary metastatic disease. Eur J Surg Oncol
42:574-580

Miettinen MM, Antonescu CR, Fletcher CDM et al (2017) Histopathologic
evaluation of atypical neurofibromatous tumors and their transformation
into malignant peripheral nerve sheath tumor in patients with neurofi-
bromatosis 1-a consensus overview. Hum Pathol 67:1-10

Tora MS, Xenos D, Texakalidis P, Boulis NM (2020) Treatment of neurofi-
bromatosis 1-associated malignant peripheral nerve sheath tumors: a
systematic review. Neurosurg Rev 43:1039-1046

Vasconcelos RAT, Coscarelli PG, Alvarenga RP, Acioly MA (2017) Malignant
peripheral nerve sheath tumor with and without neurofibromatosis type
1. Arg Neuropsiquiatr 75:366-371

Reynolds Jr DL, Jacobson JA, Inampudi P, Jamadar DA, Ebrahim FS, Hayes
CW (2004) Sonographic characteristics of peripheral nerve sheath tumors.
AJR Am J Roentgenol 182:741-744

55.

56.

57.

58.

59.

60.

61.

62.

Page 9 of 9

Well L, Salamon J, Kaul MG et al (2019) Differentiation of peripheral nerve
sheath tumors in patients with neurofibromatosis type 1 using diffusion-
weighted magnetic resonance imaging. Neuro Oncol 21:508-516
Ahlawat S, Blakeley JO, Langmead S, Belzberg AJ, Fayad LM (2020) Cur-
rent status and recommendations for imaging in neurofibromatosis type
1, neurofibromatosis type 2, and schwannomatosis. Skeletal Radiol
49:199-219

Wilson MP, Katlariwala P, Low G et al (2021) Diagnostic accuracy of MRI
for the detection of malignant peripheral nerve sheath tumors: a sys-
tematic review and meta-analysis. AJR Am J Roentgenol 217:31-39
Derlin T, Tornquist K, Munster S et al (2013) Comparative effectiveness of
18F-FDG PET/CT versus whole-body MRI for detection of malignant
peripheral nerve sheath tumors in neurofibromatosis type 1. Clin Nucl
Med 38:e19-€25

Broski SM, Johnson GB, Howe BM et al (2016) Evaluation of (18)F-FDG PET
and MRI in differentiating benign and malignant peripheral nerve sheath
tumors. Skeletal Radiol 45:1097-1105

Ko WS, Kim SJ (2024) Direct comparison of the diagnostic accuracy of 2-
[(18)F]-fluoro-2-deoxy-d-glucose PET/CT and MRI for the differentiation of
malignant peripheral nerve sheath tumour in neurofibromatosis type I: a
meta-analysis. Clin Radiol 79:142-149

Raad RA, Lala S, Allen JC et al (2018) Comparison of hybrid 18F-
fluorodeoxyglucose positron emission tomography/magnetic reso-
nance imaging and positron emission tomography/computed tomo-
graphy for evaluation of peripheral nerve sheath tumors in patients
with neurofibromatosis type 1. World J Nucl Med 17:241-248

Reinert CP, Schuhmann MU, Bender B et al (2019) Comprehensive ana-
tomical and functional imaging in patients with type | neurofibromatosis
using simultaneous FDG-PET/MRI. Eur J Nucl Med Mol Imaging
46:776-787

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Soft tissue tumor imaging in adults: whole-body staging in sarcoma, non-malignant entities requiring special algorithms, pitfalls and special imaging aspects. Guidelines 2024 from the European Society of Musculoskeletal Radiology (ESSR)
	Introduction
	Materials and methods
	Results
	Discussion
	Whole-body staging in sarcoma
	General recommendations for whole-body staging in sarcoma
	Pulmonary metastases
	Osseous metastases
	Lymph node metastases
	Soft tissue sarcoma entities that require special imaging considerations for whole-body staging
	Brain imaging
	Myxoid liposarcoma (MLS)

	Non-malignant entities that require special algorithms
	Nerve sheath tumors

	Pitfalls
	Limitations

	Conclusion
	Supplementary information
	Acknowledgements




